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Commun. 77,1088-1090 More than sixty neurotoxins and about the same number of non-neurotoxins have been isolated from sea snake and cobra venoms and found to have homologous amino-acid sequences. Out of these venom components, only neurotoxins bind specifically to the acetylcholine receptor at the neuromuscular junction in a similar way to curare (Tamiya & Arai, 1966; Menez et al., 1971) , but with a higher affinity (Weber & Changeux, 1974 : Ishikawa et al., 1977 .
Sci
These neurotoxins are classified into three groups, namely into short-, long-(Botes, 197 1) and medium-chain-length (Maeda & Tamiya, 1974) toxins, which consist of 60-62, 70-74 and 66 amino-acid residues respectively. Table I shows the residues found specifically in neurotoxin molecules, irrespective of their chain length. These are therefore the candidate residues for participation in the neurotoxicity, and the replacement of some of them appears to reduce toxicity. Exceptional toxins with these replacements are also given in Table 1 . It is noteworthy that all the neurotoxins reported so far to have reduced activity are contained in Table 1 .
The three-dimensional structures of toxin molecules have been obtained by X-ray crystallography on a short-chain neurotoxin. erabutoxin b (Low et al., 1976; Tsernoglou & Petsko, 1976 Kimball el al., 1979) and on a long-chain neurotoxin, Naja naja siamensis 3 (Walkinshaw et al., 1980) . Except for serine-8 or threonine-8, the twelve candidate residues listed in Table 1 are located at similar corresponding loci in the two three-dimensional structures and, except for serine-or threonine-8 and valine-46, the candidate residues with side chains are directed towards the viewer in Fig. 1 . This side of the flat toxin molecule is therefore presumably the binding surface of the neurotoxins to the acetylcholine receptor. In addition to the above residues, there are two more residues located similarly on the neurotoxic surface of the toxin molecules. They are tyrosine-25 and isoleucine-36 of erabutoxin b (Sato & Tamiya, 1971) or arginine-36 of Nuju nuju siumensis 3 (Karlsson et ul., 1972) . Tyrosine-25 is one of the most strongly conserved residues among neurotoxic and non-neurotoxic components, being replaced by phenylalanine residues only in ten exceptional cases. The position corresponding to isoleucine-36 of erabutoxin b is occupied by isoleucine, valine, arginine or lysine residues in other neurotoxins. These two residues are also shown in Fig. 1 .
The nine residues located on the central loop maintained in p-structure attract our special attention. Comparative proton-magnetic-resonance studies on erabutoxin b and its monoacetylated derivatives made it possible to assign C6-methylene proton resonances to each lysine residue. The resonances of lysine-27 are unusually broad and shifted upfield, suggesting a rigid environment for this residue. Proton magnetic resonances of tyrosine-25 are also broad and show that the phenolic ring is not allowed to rotate freely (Inagaki et ul., 1978) . The crystal structure of erabutoxin b suggests that the carboxy group of glutamate-38 is hydrogen-bonded to the hydroxy group of tyrosine-25. Hydrogen-bonding in solution was previously suggested by titration (Sato & Tamiya, 1970) , Raman scattering spectra analyses (Harada et ul., 1976) and by nuclear-magnetic-resonance studies (Inagaki et al., 1978) . These three residues, namely tyrosine-25, lysine-27 and glutamate-38 appear to make a rigid core at the base of the central loop.
Residues aspartate-3 1, phenylalanine-32 and arginine-33 in succession in erabutoxin b are also kept rigid by a p-turn at the tip of the central loop. The invariant glycine-34 is probably required to fortify the p-turn (Chou & Fasman, 1977) . The corresponding three residues in Nuju nuju siumensis 3, namely aspartate-27, phenylalanine-29 and arginine-33 make an isomorphous conformation, although the long-chain neurotoxin has an extra loop with a disulphide bridge right on the tip of the central loop. These three residues at the tip make the second core of the central loop.
Tryptophan-29 has been recognized as one of the indispensable residues for neurotoxicity for many years (Seto & Tamiya, 1970) . The indole ring of the residue is in hydrophobic contact with isoleucine-36, mentioned above, in the crystal structure of erabutoxin b. The close relationship between tryptophan-29 and isoleucine-36 in solution is demonstrated by the nuclear Overhauser effect of proton resonances of tryptophan-29 and isoleucine-36. Valine-, arginine-or lysine-36 may also make hydrophobic contact with tryptophan-29, giving the middle core of the central loop.
The whole pattern made by the central-loop residues is similar to that of the (+)-tubocurarine molecule. There are triplets of an oxygen atom, an aromatic ring and a positively charged group at both sides of the pseudo-centre of symmetry, 590th MEETING, SHEFFIELD Open patterns represent hydrophobic groups. The pseudo-centres of symmetry are shown by asterisks.
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which is the middle hydrophobic core. The central loop, made of three rigid parts, may be able to 'breathe'. changing the length between tyrosine-25 and phenylalanine-32. The loop seems to be rather independent of the other parts of the molecule (Menez el al., 1976) . Taking into account the freedom of movement of the (+)-tubocurarine molecule with respect to the corresponding length (Reynolds et a/.. 1975) . the similarity of the central loop to (+)-tubocurarine may be even greater in solution than in the crystalline form.
The roles of other 'neurotoxic' residues are not yet clear. The acetylation of Iysine-47 reduces the toxicity of erabutoxin b to 8% of its original value (Hori & Tamiya. 1976 ) and the affinity to 1/200 of its original value (Ishikawa et a/., 1977) .
The affinity of 1 N6-acetyl-lysine-47lerabutoxin b is of the same order as that of (+)-tubocurarine to the receptor. Lysine-47 may boost the binding affinity of the toxins to the receptor.
The replacement of serine-or threonine-13 seems to decrease the toxicity to a small extent, as in the cases of toxins from Dendroaspis and Ophiophagus ( Table 1) . The role of leucine-, isoleucine-or valine-52 may be to fix the third loop to tyrosine-25. A pair of broad proton resonances assigned to leucine-52 of erabutoxin b suggests their proximity to each other.
In summary, therefore, the neurotoxin molecules have a symmetrical (+)-tubocurarine-like structure on the central loop and some co-operative residues on the other two loops assisting binding.
